Goodchild, M. C., Murphy, G. M., Howell, A. MA, Nutter, S. A., Anderson, C. M. (1975) . Archives of Disease in Childhood, 50, 769 . Aspects of bile acid metabolism in cystic fibrosis. Previous reports have indicated that cystic fibrosis (CF) patients with pancreatic enzyme insufficiency have a raised faecal bile acid output. In this study, 18 out of 29 CF patients and 2 out of the 4 non-CF patients with pancreatic enzyme insufficiency had raised faecal bile acid levels. In the CF patients no correlation was found between faecal bile acid and faecal fat excretion, but an inverse relation was shown between faecal bile acid values and age. Those CF patients with overt liver disease tended to have the lowest faecal bile acid values.
Duodenal aspiration in 5 CF patients and in one non-CF patient with pancreatic enzyme insufficiency (Shwachman-Diamond syndrome) , produced very small fluid volumes. Duodenal fluid mean total bile acid concentrations were within normal limits. Estimation of serum bile acids in these 6 patients showed that 3 patients had raised serum bile acid values.
It is suggested that excessive chronic faecal bile acid loss may produce a contraction of the bile acid pool, and lead eventually to a reduction of intraduodenal bile acid concentrations. Measures which curtail faecal bile acid loss may have a particular significance in the management of CF.
Liver damage of varying degree is a recognized component of cystic fibrosis (CF) and histological evidence of this has been recorded at all ages from the neonatal period until adult life (Bodian, 1952; Webster and Williams, 1953;  di Sant' Agnese and Blanc, 1956; Tyson, Schuster, and Shwachman, 1968) . Characteristically these changes consist of hyperplasia and dilatation of biliary ductules, some of which contain plugs of bile-stained or eosinophilic material; there is also proliferation of fibroblasts and infiltration of chronic inflammatory cells into the portal tracts. Later, in some patients, areas of focal biliary cirrhosis become multifocal, and gradually the liver becomes lobulated, hard, and shrunken. A small percentage of older CF patients, usually in teenage or young adult life, develop the symptoms and signs of portal hypertension (di Sant 'Agnese and Blanc, 1956; Tyson et al., 1968) . Clinical evidence of cholestasis and cirrhosis is encountered only rarely in the young CF child (Bodian, 1952; Gracey and Anderson, 1969) , though prolonged neonatal jaundice of an of chronic liver disease in childhood (Burke and Danks, 1966; Weber and Roy, 1972) , and an intraluminal deficiency of detergents, for which there is some evidence in the non-CF child with liver disease (Weber and Roy, 1972) , could contribute to the steatorrhoea of the patient with CF. Leyland (1970) and Weber et al. (1973) have reported that faecal bile acid excretion is markedly increased in CF children who have malabsorption; and the latter authors, who studied a group of 26 CF children of age range 2 months to 9 years (mean age 2 5 years), showed that faecal bile acid levels may reach 7 times the normal value.
The present study provides further data on faecal bile acid excretion in CF, and attempts to relate bile acid findings in faeces, duodenal fluid, and serum to the liver disease and steatorrhoea of CF.
Subjects
Twenty-nine patients with CF (17 males, 12 females; aged 3 months to 20-6 years, mean 8 * 8 years), 4 patients with exocrine pancreatic insufficiency of other aetiology (3 boys, 1 girl; aged 2 years to 16 years, mean 9 * 5 years), and 11 control subjects (5 boys, 6 girls; aged 6 months to 13 * 8 years, mean 6 * 3 years) were investigated (Table I) Design of study Three-day faecal collections from all patients were analysed for fat and total bile acid content. 5 patients with CF, 3 girls and 2 boys, and 1 boy with the Shwachman-Diamond syndrome (Cases 1-4, 21, and 30, Table I ) took part also in a study of duodenal fluid and serum bile acids. Pancreatic enzyme preparations were given as usual to those patients (apart from Case 7) whose faecal collections were made at home, but were not given to the 6 patients who were admitted to hospital for further investigations of bile acid metabolism. In these cases faecal collections were made before duodenal intubation.
Serological liver function tests were performed on all CF and other patients with pancreatic enzyme insufficiency, but not on control subjects. Levels (normal values in parentheses) were determined for bilirubin (< 1 mg/100 ml), total protein (6-8 g/100 ml), albumin (3-5*5 g/100 ml), alkaline phosphatase (<30 K-A units), SGOT and SGPT (< 50 IU), and 5'-nucleotidase (< 15 IU). Abnormal results and tests not performed are shown on Table I .
Duodenal and serum bile acid studies were made at the time of investigation of pancreatic function. It was not considered ethical to intubate normal children merely for the purpose of providing normal values for this study, and those quoted are from 2 healthy adult volunteers subjected to the same procedure and from the results of control groups in published reports.
Intubation procedure. Pancreatic extracts, antibiotics, and other medicines were discontinued 48 hours before intubation and oral feeds 6 hours before intubation. A radio-opaque Portex tube, weighted by the attachment of a small rubber bag containing mercury, was sited in the duodenum under fluoroscopic control. Gastric juice was aspirated continuously by means of a second tube located in the stomach and connected to an electric pump at a negative pressure of 3-4 mmHg. During intubation each patient received an intravenous dextrose-saline infusion.
Initial samples of duodenal contents were collected for two consecutive periods of 10 minutes. Pancreozymin* (1 Ivy dog unit/kg body weight) was then given intravenously and aspiration continued for 3 x 10 minutes, followed by intravenous secretint (2 units/kg body weight) and collection of further samples during 3 x 10 minutes. 1j hours after administration of secretin the patient received an intragastric test meal. The composition of the latter was designed to provide each patient with one-third of his normal dietary intake of fat, carbohydrate, protein, and vitamins. Duodenal aspiration was continued for 6 x 10 minutes after the test meal. Blood samples were collected before the pancreozymin injection and at 1 hour after the start of the test meal.
Laboratory methods. Estimations of both fat and total bile acid content were made separately in each 24-hour component of the 3-day faecal collections. Fat was determined by the method of van de Kamer, ten Bokkel Huinink, and Weyers (1949) as modified by Anderson et al. (1952) , and total bile acids by the methods of Murphy, Billing, and Baron (1970) index of faecal total bile acid excretion in children has been established recently (Weber et al. 1973) .
Pancreatic enzymes were measured in duodenal samples obtained before and during stimulation with pancreozymin and secretin, trypsin being determined by the method of Wiggins (1967) and lipase as described by Hadom et al. (1968b) with the modification that the free fatty acid produced was determined radiometrically.
Total bile acids in duodenal contents and in serum were also determined using 3-cc-hydroxysteroid dehydrogenase and the proportions of individual bile acid classes in the duodenal sample with the highest total bile acid concentration obtained after pancreozymin were measured by preceding the enzyme method with thin-layer chromatography (Murphy, 1972) . Serum conjugated cholic acid levels were also measured in these samples by radioimmunoassay (Murphy et al., 1974) .
Nasal swabs, throat swabs, fasting samples of gastric and duodenal contents, and postpancreozymin samples of duodenal contents were examined for aerobes and anaerobes by the procedure of Drasar, Shiner, and McLeod (1969) . Measurements of pH were made on all aspirates at the time of collection using pH papers.
Results
Faeces. The significant increase in CF 3-ahydroxy faecal bile acid values (47 6 +37 ,umol/kg body weight per 24 h, mean ± 1 SD) compared with control values (18 0±2 8 ,umol/kg per 24 h, mean +1 SD, P <0001) is shown in Fig. 1 and Faecal fat excretions were 20 * 3 ± 11 * 3 g/24 h (mean ±1 SD) for the CF patients, 3 0±1-0 for the control subjects (P= <0 001), and the mean value for the 4 non-CF patients was 11-3 g/24 h. No correlation was found between faecal bile acid and faecal fat excretion for either of the two patient groups or for the control group (Fig. 2) .
Faecal bile acid excretion showed an inverse relation with age in the CF patients but not in the control subjects (Fig. 3) . Control data in Fig. 3 CF patients who were not taking pancreatic enzyme preparations at the time of the faecal collections are identified separately in Fig. 2 and 3 . 3 of these patients (Cases 1, 2, and 3), the youngest in the group, had the highest values for faecal bile acid excretion.
Faecal bile acid values for the 7 CF patients with liver disease are also indicated in Fig. 2 Table II and Fig. 4 . In all patients concentrations of bile acids in the samples obtained fasting and after pancreozymin stimulation were similar to those of normal adults and children. Postsecretin values were somewhat higher than normal values. Concentrations of bile acids in the intestinal lumen during the digestion of a test meal given 2 hours after the injection of pancreozymin were above 3-5 mmol/l in all cases except Case 2.
Bile acid class composition of the 'post pancreozymin' duodenal fluid samples, for each patient, is shown in Table III . All bile acids were conjugated. Percentages of trihydroxy, dihydroxy, and monohydroxybile acids were similar in all 6 patients, mean values being 64%, 34%, and 2%, respectively. The ratio of total trihydroxy bile acids to total dihydroxy bile acids (T:D ratio) was normal for the babies of 7 months of age or less, and slightly raised for the 3 older children. their ages for the ratio of the concentrations of glycine conjugated bile acids to that of taurine conjugated bile acids (G:T ratio). In Cases 21 and 30 (i.e. in one CF patient and in the ShwachmanDiamond patient) this ratio was normal.
The thin-layer chromatography system used TABL Serum. Fasting and postprandial serum total bile acids (Table IV) were raised in 2 patients with CF (Cases 4 and 21) and in the patient with the Shwachman-Diamond syndrome (Case 30). Corresponding values for faecal bile acid excretion are also shown in this Table, and for Case 21 this value was within normal limits. As reported previously by radioimmunoassay (Murphy et al., 1974) , those serum samples containing raised total bile acids also contained raised conjugated cholic acid values.
Discussion
Faecal analysis in this study has confirmed previous findings (Leyland, 1970; Weber et al., 1973) bile acid and faecal fat excretion, differing from the aspirated were much smaller than published report of Weber et al. (1973) . The usual direct values for paediatric control subjects and comparable relation between faecal bile acid excretion and body with values for CF and pancreatic enzyme insuffiweight (Leyland, 1970; Weber et al., 1972a) , and ciency patients (Hadorn et al., 1968b) . Actual hence between faecal bile acid excretion and age, values from this latter study (where a triple-lumen was maintained for our control subjects, but an paediatric tube was used, and all available duodenal inverse relation was shown for the CF patients. fluid was aspirated after injections of pancreozymin Those CF patients with liver disease tended to have and secretin over a period of 50 minutes) were a the lowest faecal bile acid values. mean of 3 9 ml/kg per 50 min for 27 paediatric Comparisons of values for faecal bile acid with control subjects, 0-82 ml/kg per 50 min for 10 CF faecal fat, and faecal bile acid with age, were patients, and 2 6 ml/kg per 50 min for 7 pancreatic virtually unchanged if the faecal bile acid excretion insufficiency patients; figures from the present was expressed as ,umol/kg body weight per 24 h, study were a mean of 0 -22 ml/kg per 60 min for 5 or as jimol/m2 body surface area per 24 h. CF patients, and 0'56 ml/kg per 60 min for the Duodenal intubation of CF patients produced patient with exocrine pancreatic insufficiency. very small volumes of fluid. Though our study Duodenal fluid mean total bile acid concentradoes not allow inference to be drawn about total tions were similar to those of normal subjects. volumes of fluid present in the duodenum, volumes Serum bile acids were raised in 2 patients known to (1973) , that unhydrolysed triglycerides, or other undigested materials resulted from pancreatic enzyme insufficiency, could interfere with the reabsorption of bile acids. This view was based upon increased faecal bile acid excretion proportional to fat excretion, noted in CF but not in coeliac children, and on further increases in faecal bile acid excretion found in CF children from whom pancreatic enzyme preparations had been withdrawn.
An alternative explanation for increased faecal bile acid loss in CF could be impaired absorption of free bile acids, or binding of free or precipitated bile acids to bacteria or food residues. However, no free bile acids were detected on analysis of duodenal fluid in 5 CF patients, and the pH measurements of 6-5 or greater were above the pH at which glycine conjugated bile acids might precipitate within the intestinal lumen.
The absence of a relation in our group of patients (of broader age range than that of Weber et al., 1973) , between faecal bile acid and faecal fat excretion, and the decreasing faecal bile acid loss in CF with increasing age, may have a common cause or association, i.e. that of liver disease, which is likely to be of greater significance among the older patients. Excess bile acid loss from the enterohepatic circulation leads to an increased bile acid synthesis by the liver in order to compensate for this loss and to maintain the size of the bile acid pool (Dowling, 1972 Van Deest et al. (1968) to be associated with normal duodenal bile acid concentrations in the morning (when the CF samples were taken) and with subnormal concentrations in response to meals taken later in the day. If a similar situation exists in CF, a possible explanation would be provided for the failure of pancreatic enzyme supplements to correct the steatorrhoea in this disease.
The slightly raised values for bile acid concentration in the postsecretin samples compared with control data may be a reflection of the decreased fluid response to secretin found in CF (Hadorn et al., 1968a Analyses of individual bile acids, in the 'post pancreozymin' samples of duodenal fluid did not show any striking differences from the normal pattern. In view of the suggestion of Schaffner and Popper (1969) that cholestasis could be related to an increased production of monohydroxy bile acids within the liver cell, it is interesting that monohydroxy bile acids were either undetected in CF duodenal fluid, or were present in normal amounts. Slight alterations were found in the usual proportions of trihydroxy and dihydroxy bile acids with the raised T :D ratios in the older children; the clinical significance of this is not known. An increased faecal bile acid loss results in an increase in synthesis of the primary bile acids, mainly cholic acid (Heaton, 1972) ; decreased bile salt entry into the gut from a cholestatic liver could result in a decreased proportion of secondary bile acid (i.e. deoxycholic acid) and particularly so if long-term antibiotic therapy, though discontinued 48 hours before intubation, had produced any significant change in bacterial flora. Raised G:T ratios are a consequence of increased faecal bile acid loss (Heaton, 1972) and were found in all CF patients with the exception of Case 21, whose faecal bile acid loss was normal. The gradual increase in the proportion of glycine conjugates in the normal baby after birth, the fetus conjugating almost exclusively with taurine (Heaton, 1972) , renders these G:T ratios in young CF patients particularly notable.
Cholestasis is associated with an increased level of serum bile acids (Heaton, 1972) . 3 patients (Cases 4, 21, and 30) were found to have raised serum total bile acids. Cases 21 and 30 had evidence of liver disease; Case 4, apart from a possible raised serum alkaline phosphatase, had no evidence of liver disease. It may be, as suggested by Rudman and Kendall (1957) and by Kaplowitz, Kok, and Javitt (1972) , that serum bile acid levels are a more sensitive index of liver function than are 'conventional' tests. More data are required in order to substantiate this point in CF. It is likely that increased faecal bile acid losses, over a long period, lead eventually to contraction in the size of the bile acid pool, and so to decreased concentrations of intraduodenal bile acids. Measures shown to decrease faecal bile acid output, such as pancreatic enzyme preparations (Weber et al., 1973) , medium-chain triglyceride supplement (Weber et al., 1972b) , and low-fat diets (Leyland, 1970) could play a significant part in the management of this disease.
